Introduction
Fructans are a common, structurally diverse class of oligoand polysaccharides based on fructose. they occur in the prominent plant orders of the Asterales, Liliales and Poales (8) . Fructans are synthesized by the collective action of fructosyltransferases (FTs). In the first step, the enzyme 1-SST catalyzes the initial fructosyl transfer between two sucrose molecules. Further chain elongation is catalyzed by other types of fructosyltransferases (1-FFt, 6G-FFt and 6-SFt, etc.) adding β(2,1)-or β(2,6)-linked fructofuranosyl units. In this way, five types (inulin, levan, graminan, inulin neoseries, and levan neoseries) of fructans can be synthesized in plants (21) . Currently, Low molecular weight fructans are considered as probiotics with demonstrated cholesterol-lowering activity (3) and effect on calcium absorption and bone mineralization (5), due to the selective stimulation of the microflora in the colon with beneficial effects in both the animal and human gut (6) . in 1998, Koops has introduced Ja 1-SSt gene into sugar beet in order to replace the storage product, GF, with fructans successfully (19) . Besides of health benefits, transgenic plants carrying 1-SST gene showed the improvement of tolerance to drought stress, cold stress or osmotic stress (9, 13, 14) .
Yacon (Smallanthus sonchifolius Poepp.&Endl.) is a native plant of the Andean region cultivated for its tubers, that belongs to the family Compositae (Asteraceae), which has been introduced into Japan from New Zealand in 1985. In contrast with most edible roots, yacon tuberous root stores its carbohydrates in the form of inulin type fructans and contains 60% of dry matter (7) . Previously, enzyme activities related to the inulin type fructan metabolism, such as 1-SSt, 1-FFt and 1-FEH, had been observed in yacon (12) . Fructans are extracted from fruits and vegetables like bananas, onions, chicory root and asparagus. The Jerusalem artichoke and yacon have been found to have the highest concentrations of fructan of cultured plants but a degree of polymerization (DP) of fructan in the latter is lower than that in the former. The genes encoding FTs were cloned and characterized in succession, which provides more evidences to clarify the mechanism of fructan metabolites in plants.
Recently, we cloned a cDNA encoding 1-SST from yacon. To elucidate the difference of DP of fructan and of 1-SST property in yacon and Jersualem artichoke, we have introduced their 1-SST genes into rice. TLC analysis indicated a same fructan fingerprint of the two transgenic rice lines. In this study, we described the isolation and molecular characterization as well as the heterologous expression and functional characterization of 1-SSt from yacon. this is the 
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Materials and Methods
Plant material
Upon harvesting of yacon (Smallanthus sonchifolius), tuberous roots of 200 to 250 g fresh weight (FW) and 4 to 6 cm in diameter were selected, washed with tap water and stored at -80 0 c. tuberous roots of Jerusalem artichoke were obtained from autogenous plants in the college of Agriculture, ibaraki University and stored at -80 0 c.
the rice (Oryza sativa L. Nipponbare) was used as target plant.
Plasmid construction for expression of Ja 1-SST Total RNA of Jerusalem artichoke tuberous root was prepared by an acid guanidium thiocyanate-phenol-chloroform (AGPC) method as described in Chomczynski et al. (2) . Total RNA (5 µg) was reverse-transcribed using the "SuperScript tM FirstStrand Synthesis System for RT-PCR" (Invitrogen) kit and oligo (dt) [12] [13] [14] [15] [16] [17] [18] primer. the cDnA encoding Ja 1-SST was amplified by RCR using HssF1 and HssR3 special primer pairs designed from the first strand cDNA synthesized from the Jerusalem artichoke tuberous root mRNA ( Table 1) . Subsequently, the 1919 bp fragment was cloned into Smai site in pTZ19U. Using PCR with hexba-F and hesac-R primer pairs, a XbaI site was introduced at the start codon and a Saci site was introduced downstream of the stop codon present in the full-length 1-SST clone isolated from pTZ19/Ja 1-SSt ( Table 1) . GUS coding sequence was replaced by the Ja 1-SSt cDnA in the plasmid pBe2113-GUS (10) . the resulting binary plasmid was designated as pIG101 (Fig. 1A) . + RNA(12 µg) was purified using a RNeasy Mini kit (QIAGEN). cDNA (100ng) was synthesized by Gubler-Hoffman method, ligated and packaged to λZAPII phages by using a ZAP-cDNA Gigapack cloning kit (TaKaRa). Screening for 1-SST clones was carried out by hybridization using PCR-amplified 1.9 kbp cDNA fragment of Ja 1-SSt as a probe as specified in the ECL detection kit (GE Healthcare UK ltd.).
LB RB
Phages amplified from individual positive clones were infected into E. coli XL1-Blue MRF′, along with the ExAssist helper phages to excise pBluescript ii SK − phagemids. the phagemids were then infected into E. coli SOLR. The sizes of the inserts were determined by colony PCR amplification of the plasmids using P1 and P5 primers ( Table 1) , followed by 0.8% agarose gel electrophoresis, and phagemid DNA of positive clones was sequenced by ABI PRISM BigDye Terminator 5'-AAAAccctccctcAGGccAc-3' Full-length cDnA of Ja 1-SSt
cycle Sequencing Kits (Applied Biosystems, cA, USA) and an ABi 3130 Genetic Analyzer (Applied Biosystems). the sequences were aligned using GENETYX computer software (version 7, network).
Plasmid construction for expression of Yc 1-SST
the expression cassette of Yc 1-SST gene was constructed by replacement of GUS gene in pBe2113 and introduced into the binary vector pGPTV-BAR (1) via the Gateway technology (Invitrogen). The schematic map of a resulting plasmid pIG103 is given in Fig. 1B .
Transformation of rice with pIG101 and pIG103
Scutellum-derived calli from rice mature seeds were cocultivated with A. tumefaciens strain ehA101 that carried either piG101 or piG103. Agrobacterium-mediated transformation was carried out as previously described by Aachmawati (16) . After co-cultivation, the infected calli were washed with sterile water containing 10 mg/l meropen (Wako) to remove Agrobacterium and transferred to a C-modified medium containing 10 mg/l meropen and 10 mg/l bialaphos (Meiji Seika, ltd.) for the selection of tranformats. Fresh, healthy-looking bialaphos-resistant calli were then transferred to MS regeneration medium containing 2.0 mg/l of 6-BAP and 1.0 mg/l of NAA. The calli in the regeneration medium were incubated at 28 0 c under a photoperiod of 16 h light/8 h dark for two weeks and were then transferred to a fresh regeneration medium for root formation. Rooted plantlets were transferred to a 1/5000a Wagner's pot containing mixture of soils and then grown to maturity in a phytotron.
DNA isolation and Southern hybridization
Genomic DNA was isolated from mature leaves using a cetylmethylammonium bromide (ctAB) method accoding to Murray et al (11) . For Southern blot analysis, 3 µg of genomic DNA was digested with EcoRV restriction enzyme and sizefractionated by electrophoresis through a 0.8% agarose gel. Then the DNA from the agarose gel was transferred to a positively charged nylon membrane (Hybond tM -n + , Ge healthcare UK ltd.) in 10×SSc (1.5 M nacl, 0.1 M sodium citrate (ph 7.0) by capillary blotting (18) . the probe for Ja 1-SST was 1.6 kb PCR-amplified fragment from pIG101 and the probe for Yc 1-SST was 1.9 kb PCR-amplified fragment from pIG103. The Gene Images AlkPhos Direct Labelling and Detection System (Ge healthcare) and chemiluminescent detection with CDP-star (GE Healthcare) were used to detect the transgenes.
Rice RNA isolation and semi-quantitative RT-PCR analysis Total RNA was extracted using RNeasy mini kit (Qiagen), according to the manufacturer's protocol. Dnasei-treated RNA samples were then reverse transcribed with Oligo (dT) 18 primers using ReverTra Ace (Toyobo, Osaka, Japan) for 60 min at 42 0 C. The cDNA samples were then diluted three-fold with TE (10 mmol L -1 tris-hcl, ph 8.0, 1 mmol l -1 eDtA). To ensure the samples not interfered by DNA, PCR was carried out using DNaseI-treated RNA samples as template. The PCR results showed DNA has been eliminated entirely. Table 1 . All semi-quantitative RT-PCR experiments were repeated twice. PCR products (10 μl) were visualized on 1.5% agarose gels, using ethidium bromide.
Extraction and analysis of soluble carbohydrates
Samples of calli and leaves (FW 100 mg) were ground to a fine powder in liquid nitrogen and extracted in an equal 99.5% ethanol (100 µl). After centrifugation at 8 400 × g for 10 min at 20 0 C, the supernatant was collected and evaporated to dryness and dissolved with 10 µl of ultrapure water. A volume of 1 μL was spotted on 20×20 cm 2 aluminium sheets of Silica Gel 60 F 254 and the chromatograms were developed two times in a mixture of chloroform:acetate:water, 12:16:3. Carbohydrates were stained with mixture of diphenylamine- The most probable catalytic residues (Asp120 and Glu299), two important residues involved in the reaction mechanism (Asp244 and Cys300), and two cysteine residues (Cys490 and Cys538) probably involved in a disulphide bridge are denoted by arrows aniline-phosphoric acid in acetone prepared in accordance with published procedure (17) . A mixture of 5mg/L glucose, fructose, sucrose (GF), 1-kestose (GF 2 ), 1-nystose (GF 3 ) and 1-fructosylnystose (GF 4 ) (Wako) was used as a standard.
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Results and Discussion
Isolation and sequence analysis of the yacon 1-SST gene the cDnA encoding Ja 1-SST was amplified by RCR using the first strand cDNA synthesized from the Jerusalem artichoke tuberous root mRNA. Subsequently, the 1919 bp fragment was cloned into SmaI site in pTZ19U and sequenced. Sequence result showed one site different between the 1919 bp fragment of Ja 1-SST obtained by PCR derived from the wilding Jerusalem artichoke and the published sequence (AJ009757), and one amino acid change between their ORFs. A library of cDNA constructed from RNA isolated from yacon mature tuberous root and first screening with a 1.9 kb fragment of Ja 1-SST from pIG101. The cDNA inserts were recovered from PCR screen-positive colonies. Individual bacterial colonies containing recombinant pBluescript phagemid were cultured, colony PCR was carried out to obtain a 2.0 kb insert using P1 and P5 primers ( Table 1 ) and six clones were isolated. Sequence analysis of these clones showed four clones contained the complete ORF of purpose cDNA. The analysis of the full-length cDNA sequence showed one ORF which encodes for a 640 amino acids protein with a theoretical molecular mass of 72kDa and a pI of 5.63. A BLASTP search carried out with Yc 1-SST identity with different plant 1-SSTs (Helianthus tuberosus: 87%; Cichorium intybus: 84%; Cynara scolymus: 84%; Lactuca sativa: 83%; Taracacum officinale: 81%;). the Yc 1-SST is classified into the glycoside hydrolases family 32 (GH32) by the NCBI Conserved Domain Search program. From a multiple alignment with Ja 1-SSt the 6 conserved regions already described in plants and fungi FTFs were found (15) (Fig. 2) . the most probable catalytic residues (Asp120 and Glu299), two important residues involved in the reaction mechanism (Asp244 and Cys300), and two cysteine residues (Cys490 and Cys538) probably involved in a disulphide bridge are also identified.
Molecular analysis of transgenic plants
in the present study, the expression of recombinant Yc 1-SSt and Ja 1-SST with the constitutive cauliflower mosaic virus (CaMV) 35S promoter was examined in the transgenic rice plants obtained by Agobacterium-mediated transformation. The calli of twenty independent transgenic lines of IG101R (Rice transformed with pIG101) and twenty independent transgenic lines of IG103R (rice transformed with pIG103) were analyzed for exogenous 1-SST gene detection using genome PCR with the specific primers ( Table 1) . Among the 20 calli checked, 11 contained the Yc 1-SSt gene and 16 contained the Ja 1-SST gene (data not shown). Transgenic plants were obtained after PCR-positive calli were transferred to MS regeneration medium containing 10 mg/l bialaphose. Further determination of the copy number of the exogenous 1-SST gene in regenerated rice plants was performed by Southern blot analysis. Genome DNAs from rice leaves of the PCR-positive plants was digested with restriction enzyme EcoRV, and hybridized by using 1.9 kb fragment of pIG101 or 2.0 kb fragment of pIG103, respectively. A single-bands corresponding to the exogenous genes were detected in most of the transgenic rice while some were with two or three obvious bands (Fig. 3) . Expression of Yc 1-SST and Ja 1-SST in transgenic rice transgene expression of Yc 1-SSt and Ja 1-SSt in rice leaves was analyzed using semi-quantitative RT-PCR and the expression levels were estimated using the actin gene as internal control. As expected, while no target gene expression was detected in the WTs, the transgenic plants showed expression of the transgenes. However, expression levels varied substantially between different lines (Fig. 4) . the soluble carbohydrate composition was analyzed by the thin layer chromatography (TLC). TLC analysis of PCR-positive calli of IG101R and IG103R indicated the presence of fructan but the spots were very weak (data not shown). Compared with the control line, in transgenic rice leaves low DP (degree of polymerization) fructan especially GF 2 and GF 3 were discovered on the TLC plate, in contrast with the accumulation of fructan, and no significant differences between IG101R and IG103R lines were present (Fig. 5) .
It is generally believed that inulin-type fructan biosynthesis in plants occurs through the concerted action of two vacuolar enzymes, 1-SST and 1-FFT (fructan: fructan 1-fructosyltransferase, ec 2.4.1.100) (4, 23). 1-SSt catalyzes the conversion of sucrose to the trisaccharide 1-kestose (DP3). The elongation of 1-kestose to inulin (of DP up to 200) is catalyzed by 1-FFt. 1-SSt has also been reported to produce small inullins of DP3 to DP5 or DP7 and thus may have some 1-FFT activities (19, 24) . We describe here the first cloning and analysis of a cDnA encoding a 1-SSt from yacon cDnA library. Yc 1-SST encodes a protein with high amino acid sequence identity to the Jerusalem artichoke 1-SSt (87%). As a parallel plan, a full-length cDNA was amplified by RT-PCR from the first strand cDNA of yacon. The cDNA from RT-PCR appears to be 3% different in its DNA sequence compared to the cDnA from the cDnA library (data not shown). No evidence is present to show the difference to be caused by a PCR mistake. The two fragments of yacon cDNA, which was obtained by different ways, may derive from two genes of yacon genome, and the transcription levels might be asynchronous. Precise analysis on this point is in progress. lanes Yc 1-3: transgenic lines IG103R-1, 2, and 3, respectively; Lanes Ja 1, 3: transgenic lines IG101R-1 and 3, respectively. WT: non-transformed plant was used as negative control; A mixture of 5 mg/L glucose(G), fructose(F), sucrose (GF), 1-kestose (GF 2 ), 1-nystose (GF 3 ) and 1-fructosylnystose (GF 4 ) was used as a standard. 1 µl of the fructan mixture was stained as marker in order to characterize the Yc 1-SST activity, Yc 1-SSt gene was successfully introduced into Nipponbare rice compared with Ja 1-SSt. Fructan synthesis took place in transgenic plants. Ja 1-SST was isolated in 1998 (22) , whereafter it was introduced into petunia, sugar beet, maize and potato (19, 20) . Transgenic plants overexpressing Ja 1-SSt accumulated the low DP fructan successfully. The fructan biosynthesis pathway was also introduced in rice in this study. The combined expression of either Yc 1-SSt or Ja 1-SSt in rice resulted in fructan. the result further supported the role of 1-SSt in the converting sucrose into low DP fructan.
Recently, fructan metabolism-related genes encoding FTs have been isolated and characterized in plants. Some of these genes were introduced to non-fructan accumulating plants, such as tobacco, rice and sugarbeet for the purpose of analyzing fructan metabolisms. Here we provide a further gene resource, which can be used for breeding of rice or sugar beet to increase the low weight fructans accumulation.
Conclusions
We have isolated, cloned and characterized a cDNA encoding for yacon fructosyltransferase. This enzyme shows 1-SST activity and a similar expression production to Ja1-SSt. this report contributes to the basic understanding of yacon fructan biosynthesis, a plant with commercial interest as a functional food.
